Among the different applicable irrigants for root canal disinfection, sodium hypochlorite 5.25% is one of the most attractive ones. The quality of root canal disinfection is dependent on some factors such as the employed approach, type of flow rate of irrigant and the size of needle. The majority of studies in the field of root canal disinfection are experimentally carried out. In the current article, Computation Fluid Dynamic (CFD) is used for modeling the antimicrobial liquid flow in the root canal and evaluate the effects of needle size and flow rate. Two needles, G28 and G30, are used for irrigation in three volumetric rates of flow including 0.10 ⁄ , 0.20 ⁄ and 0.30 ⁄ . The results of numerical simulations revealed the improved quality of root canal disinfection by augmentation in the rate of flow and decrease in the inner diameter of the needle. According to the outcomes of the modeling, the highest average wall shear stress obtained in the case of using G28 needle and 30 ⁄ flow rate, which was approximately 10.21 Pa.
Introduction
In root canal therapy it is crucial to decrease bacterial population which colonize the root canal as much as possible [1] . The most conventional approach used for disinfecting the root canal is employing antimicrobial agents for irrigating. The irrigation performance can be improved by some methods such as sonically or ultrasonically activations [1] . Several agents are applicable as irrigant in root canal disinfection such as silver Nano fluid, sodium hypochlorite and chlorhexidine digluconate (CHX) [2, 3] . Among them, sodium hypochlorite is one of the most conventional ones due to its favorable performance in eliminating the microorganisms. In a study performed by Singh et al. [4] , different irrigants including sodium hypochlorite, morinda citrifolia juice, propolis and chlorhexidine were examined to investigate their performance in Candida albicans (C. albicans) and Enterococcus feacalis (E. feacalis) removal. Their observations proved that utilizing sodium hypochlorite and chlorhexidine was more effective for root canal disinfection. Various sodium hypochlorite concentrations are employed for root canal therapy while 1.25%, 2.5% and 5.25% are the most applied ones [5, 6] . The performance of root canal disinfection by employing irrigant can be modified by applying activation techniques. According to the outcomes of a research conducted by Eneide et al. [7] employing passive sonic and ultrasonic activation approaches in the case of utilizing both sodium hypochlorite 5.25% and EDTA 17% as irrigants, led to improved effectiveness of the disinfection procedure.
Due to the difficulties of the experimental studies and their time consuming feature, efficient computational and numerical methods have been developed in recent decades [8] [9] [10] [11] . Different computational methods are utilized in engineering systems to predict their performance and model their behavior [12] [13] [14] [15] [16] . Computational Fluid Dynamic (CFD) is broadly employed for heat and fluid modeling in various systems such as turbomachines [17] , heat exchangers [18] , renewable energy technologies [19, 20] , and etc. studies have demonstrated that by employing CFD it is possible to model the behavior and performance of the systems with acceptable accuracy. For instance, Pakatchian et al. showed the maximum relative deviation between the predicted and measured static pressure of multistage compressor was approximately 7.5% [17] . In addition to engineering problems, CFD have been applied in the fields of medical and dental sciences in recent years [21] . As an example, Ghalandari et al. [22] employed CFD to numerically investigate the flow of a nanofluidic irrigant. Ag/water, inside a root canal. In their study, impacts of nanofluid concentration and volumetric flow rate were asses. Their results showed that increase in the solid phase volume fraction of the nanofluidic irrigant and the rate of antimicrobial liquid injection led to increment in the wall shear stress of the canal, which means improved condition for disinfection.
In the previous study, the effect of nanofluidic irrigant concentration and injection rate on the fluid circulation and wall shear stress of the canal was analyzed; however, other factors can influence the irrigation procedure such as the type of needle and its size. In this regard, CFD is employed in the current article to investigate the impact of needle size on the fluid flow features and wall shear stress in the case of using sodium hypochlorite 5.25%, which is one of the most convention used disinfection liquids in endodontic [23] , as the irrigant. In addition, three volumetric flow rate for injection are considered to evaluate its effect more comprehensively. Finally, according to the obtained results, some suggestions are represented to improve the quality of root canal disinfection by using the conventional methods.
Materials and methods
As the first stage of the modeling, the geometry of the root canal considered similar to the previous study carried out by Kocharian [24] . In this model, the canal length equals to 18 mm and the apical and orifice diameters are equal to 1.57 mm and 0.45 mm, respectively. Two needles, including G28 and G30 are used for modeling in order to find the impact of needle size on the root canal fluid flow. The needle length used for the modeling assumed to be equal to 31 mm, which is similar to the dimension of previous research [22] . In addition, the injection height considered 3mm from the bottom of apical part. Sodium hypochlorite 5.25%, which is an efficient and conventional solution for root canal disinfection, is used as the irrigant in the present article.
In CFD, it is required to use meshed domain in order to solve the equations and obtain the fluid flow features. In this regard, structured mesh is employed. According to the grid independency evaluation, the number of mesh in optimum condition is approximately 720,000. The meshed model is represented in Figure 1 . (1) :
Where , , and ⃗ denote the density of the liquid, mass source/sink, and the velocity vector, respectively.
The specific gravity of the irrigant assumed to be 1.08. The momentum conservation equation is represented as:
In this equation, ⃗ and p refer to the body force and field of pressure in the fluid domain. In addition, ̿ and ⃗⃗ denote the stress tensor and external force, respectively. The gravity force direction is represented in Figure 1 . The tensor of stress is defined as:
In Equation (3), ̿ is the unit tensor and refers to the fluid dynamic viscosity. The dynamic viscosity of the irrigant considered equal to 1.53 Cps at 25 ℃ as measured in the study carried out by Gopikrishna et al. [25] . Incompressible and steady flow is assumed for the antimicrobial liquid inside the canal. The volumetric flow rate used at the inlet of needle while pressure used for the fluid outlet, at the orifice of the canal. In addition, it is assumed that no-slip condition exist at the circumferential wall of the canal.
In order to numerically solve the equations, ANSYS CFX 17 is applied. In the current research, kturbulent model is used which is represented in details in Ref [26] . RMSE lower than 10 −5 for the equations considered as the convergence criterion.
Results and discussion
In the first step of the study, the velocity contours in different conditions is obtained in order to obtain deep insight into the fluid circulation inside the root canal. As illustrated in Figures 2 to 3 , the maximum velocity of the irrigant in the canal in the case of using G30 needle is higher than G28, which is due to smaller size of G30 needle. Since the volumetric flow rate of the irrigant is constant, reduction in the inner diameter of the needle results in increase in the average and maximum velocity. The maximum velocities of the antimicrobial liquid inside the canal increase from 5.77 m/s and 4.29 m/s to 17.81 m/s and 13.25 m/s in the cases of using G30 and G28 needles, respectively. In addition, according to the represented contours, it can be concluded that the highest velocity value inside the canal is obtained in the vicinity of needle outlet, while it approaches to zero at the orifice of the canal. Based on the obtained values for the velocities, the irrigant circulation inside the root canal will be enhanced by reducing the internal size of needle and increasing the volumetric flow rate. Another factor which must be considered in order to assess the quality of root canal irrigation is wall shear stress. Increment in wall shear stress denotes that the quality of disinfection is improved. In the previous study it was concluded that increase in dynamic viscosity and volumetric flow rate leads to enhancement in wall shear stress. As shown in Figures 4 and 5 , by increasing the rate of flow from 0.10 mL/s to 0.30 mL/s, the maximum wall shear stress on the outer surface of the root canal increases from approximately 52.29 Pa and 39.9 Pa to 408.5 Pa and 311.7 Pa, in the cases of employing G30 and G28 needles, respectively. Improvement in wall shear stress by using G30 instead of G28 is due to velocity increase inside the investigated canal. Since it is assumed that no-slip condition exists at the canal wall, increment in the velocity of irrigant inside the mentioned canal means enhancement in the velocity gradient, leading to increment in the wall shear stress. The effect of volumetric flow rate on the wall shear stress is similar, which means that flow rate increment results in augmentation in both velocity and shear stress on the canal wall due to increment in the velocity gradient.
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Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2019 doi:10.20944/preprints201909.0161.v1 mL/s and 0.30 mL/s, respectively. These values in the case of using G30 needle increase to 1.3 Pa, 4.75 Pa, and 10.21 Pa, respectively. According to the determined values for average wall shear stress, this quantity increases by increment in the volumetric flow rate and reduction in the needle inner diameter.
Figure 6 Average wall shear stress for G28 and G30 needles in different volumetric flow rates
In order to summarize the outcomes of the current study, it should be noted that using needles with reduced inner diameter is preferred due to augmentation in the velocity and wall shear stress. Increment in the velocity of irrigant leads to its more favorable circulation inside the root canal, which means enhanced disinfection. Moreover, both wall canal shear stress and liquid velocity in the canal are increased when the needle size inner diameter decreases, which is another reason indicating improvement in the ability of the irrigant in eliminating the microorganisms. Future researches are recommended to assess the other factors affecting the irrigant fluid flow inside the canal and other types of irrigant. In addition, other shapes of root canal, such as curved-type, should be considered.
Conclusion
In this article, the flow of a conventional irrigant, sodium hypochlorite 5.25%, inside a root canal is numerically investigated. The impacts of volumetric flow rate of irrigant injection and the needle size on the velocity and wall shear stress are analyzed and explained. Based on the numerical simulation, following results are concluded:
 Maximum velocity of irrigant inside the root increases from 5.77 m/s to 17.81 m/s and from 4.29 m/s to 13.25 m/sin the case of using G30 and G28 needle when the rate of flow increases from 0.10 mL/s to 0.30 mL/s, respectively.  The maximum wall shear stress on the outer surface of the root canal obtained in 30 mL/s volumetric flow rate which are approximately 408.5 Pa and 311.7 Pa in the cases of using G30 and G28 needles, respectively.  Average wall shear stress on the outer surface of root canal improves by increasing the volumetric flow rate and decreasing the needle size.  Since increase in wall shear stress results in more efficient disinfection, reduction in the size of needle is suggested.  Future studies are recommended to focus on the shape of needle tip and injection height to get more favorable insight into the antimicrobial liquids flow inside the root canal.
